A remarkable improvement in the sensitivity and accuracy of analytical instruments has required the development of convenient pretreatment methods for determining a trace and/or micro component. The separation and/or concentration, and the direct determination of minor components, such as impurities in various materials, is often interfered by the major component as background formed from the material body. For eliminating such interferences, various methods, including liquid-liquid extraction, precipitation, adsorption and ion-exchange, have been proposed as pretreatment methods for determining the trace element. These methods have some difficulties to be applied for the removal a large amount of interfering elements; for example, the impurity may be lost by simultaneous adsorption in the adsorption and ion-exchange methods, and coprecipitation in the precipitation method. Recently, a new technique was developed for collecting a metal complex or an ion pair as a precipitate on a membrane filter from an aqueous solution by filtration under suction. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] If the direct collection of a metal complex or an ion pair from a homogeneous aqueous solution can be conducted by membrane filtration, this technique can be applied to a rapid and convenient separation method of the major component 12 and a simple concentration method of the minor constituent as a pretreatment method for its determination.
Introduction
A remarkable improvement in the sensitivity and accuracy of analytical instruments has required the development of convenient pretreatment methods for determining a trace and/or micro component. The separation and/or concentration, and the direct determination of minor components, such as impurities in various materials, is often interfered by the major component as background formed from the material body. For eliminating such interferences, various methods, including liquid-liquid extraction, precipitation, adsorption and ion-exchange, have been proposed as pretreatment methods for determining the trace element. These methods have some difficulties to be applied for the removal a large amount of interfering elements; for example, the impurity may be lost by simultaneous adsorption in the adsorption and ion-exchange methods, and coprecipitation in the precipitation method. Recently, a new technique was developed for collecting a metal complex or an ion pair as a precipitate on a membrane filter from an aqueous solution by filtration under suction. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] If the direct collection of a metal complex or an ion pair from a homogeneous aqueous solution can be conducted by membrane filtration, this technique can be applied to a rapid and convenient separation method of the major component 12 and a simple concentration method of the minor constituent as a pretreatment method for its determination.
The reagents used for separating the major component as a metal complex are not always suitable for determining the trace element in analyzing the impurity of metallic materials. It is preferred that they cause no interference in the determination of the impurity, and can at least be easily removed by a simple operation. Chromazurol B (CAB), one of the triphenylmethane dyes, has low solubility in water, and can be easily precipitated from an aqueous solution, and also extracted into an organic solvent, such as benzene in a low-pH range. This reagent resembles Chromazurol S (CAS) in molecular structure, except for the absence of a sulfonic group, and can similarly react with the same metal ion. Chromazurol B and Chromazurol S were used for collecting beryllium(II) and aluminum(III) on a membrane filter, followed by solid-phase spectrometry. 13, 14 In this study, by taking such chemical properties of CAB into account, the availability of this reagent was examined as a collecting reagent for iron(III). Since the reagent and its complex with iron(III) were precipitated from an aqueous solution, a non-ionic surface-active reagent, polyethylene glycol mono [4-(1,1,3,3-tetramethylbutyl) phenyl]ether (Triton X-100), was added to the aqueous solution to obtain a homogeneous solution in this study.
Experimental

Apparatus
A Hitachi U2000 spectrophotometer was used for measuring the absorption spectra and the absorbance at a fixed wavelength of sample solutions and their filtrates. A Hitachi-Horiba F-16 pH meter equipped with a combined glass electrode was used to measure pH of the solution.
Reagent
Chromazurol B (Dojin Laboratories, Kumamoto, Japan), a metal indicator, was used without further purification. 
Procedure
One-half cm 3 to 2.5 cm 3 of a 7.50 × 10 -4 mol dm -3 solution of CAB and 0.19 to 3.75 cm 3 of a 0.200 mol dm -3 solution of Triton X-100 were added to 1.25 cm 3 or the desired volume of a 1.00 × 10 -3 mol dm -3 solution of Fe(III). This solution was swirled and diluted to 50 cm 3 after adjusting to pH 1.00 to 7.00 by adding a pH buffer. A prepared homogeneous solution was filtered through a membrane filter held in a glass-made filter holder set onto a glass-made bell jar under suction with an aspirator.
The absorption spectra and absorbance at a wavelength of 695 nm were measured for the original solution (the initial solution before filtration) and the filtrate, and then the pH, were measured for both solutions. The collection of the Fe(III) on the membrane filter was evaluated based on the difference between the absorbance of the original solution and the filtrate.
For examining the mole ratio of Fe(III) to CAB in an Fe(III)-CAB complex fixed on a membrane filter, the complex collected on the membrane filter was dissolved in 5 cm 3 of dimethylsulfoxide (DMSO), and this solution was diluted to 50 cm 3 with distilled water. Iron(III) was determined by the o-phenanthroline method after removal of CAB by extraction into benzene and reducing Fe(III) to Fe(II) by adding hydroxylamine hydrochloride; CAB was determined by measuring the absorbance of the extract in benzene at a wavelength of 452.5 nm.
Results and Discussion
Chromazurol B and metal complex have a precipitating trend from an aqueous solution dependent upon the pH of the solution. For preparing a homogeneous solution, a non-ionic surfactant (Triton X-100) was used as a solubilizing reagent in this study. The addition of Triton X-100 allowed the prevention of a free acid species of CAB from deposition from an aqueous solution, even at a pH below 1.0. In the presence of 1.50 × 10 -3 mol dm -3 of Triton X-100, a 7.49 × 10 -5 mol dm -3 solution of CAB gave three different absorption bands with the absorption maximum near 460, 510 and 430 nm by adjusting the pH value to 1.0 to 2.0, 4.0 to 5.0, and 7.0 to 8.0, respectively. These three absorption bands correspond to those of a free acid of CAB (λmax = 460 nm), a monovalent anion of CAB (λmax = 510 nm) and a divalent anion of CAB (λmax = 430 nm). These absorption bands are coincident with those observed with an aqueous solution of CAB and an ethanol-water mixed solution of CAB. Comparing this result with published values of pKa of a free acid of CAB, 12 two carboxyl groups of CAB were dissociated in two steps in this pH range. When the above CAB solution containing Triton X-100 was filtered through a membrane filter under suction, no colored precipitate was observed on the membrane filter. The original solution and its filtrate showed the same absorbance at a fixed wavelength. Thus, no CAB species was collected as a precipitate on the membrane filter when the CAB solution with added Triton X-100 was filtered through a membrane filter under this condition.
When Fe(III) was added to the above CAB solution at onethird of a CAB concentration, the solution turned in color at pH above 2.0 and a new absorption band appeared in a wavelength range of 600 to 700 nm on the absorption spectra of the solution. This new band suggests the formation of an Fe(III)-CAB complex in the solution, since it was not observed on the absorption spectra of the CAB solution. Figure 1 shows that the absorbance of the original solution at 695 nm increased to the saturated value with increasing pH of the solution to 4.5, and decreased with a further increase in pH above 5.6. This result means that the formation of the Fe(III)-CAB complex which started at a pH about 1.5, attained complete formation in a pH range of 4.5 to 5.6, and then was gradually depressed with an increase in pH beyond 5.6. When these blue solutions were filtered through a membrane filter under suction, a blue precipitate was deposited on the membrane filter and the filtrate gave a small, or no, absorption band, which appeared at a wavelength of 600 to 700 nm. This fact indicates that the Fe(III)-CAB complex was able to be collected as a precipitate on the membrane filter by filtration under suction. Although the original solution and its filtrate showed the same absorbance at 695 nm at a pH of up to about 2.0, a further increase in the pH caused a gradual change in the absorbance at 695 nm in a different manner for each solution. For the filtrate, the absorbance at a wavelength of 695 nm increased to the maximum with increasing the pH up to 2.8, and then decreased with a further increase in the pH. This pH-dependence of the absorbance means that the Fe(III)-CAB complex started to be collected as a precipitate on the membrane filter near to pH 2.1, and increasingly at a pH higher than 3.0. This result is supported by a spectral observation of the filtrate that the absorption band at a wavelength of 600 to 700 nm was gradually decreased with increasing pH above 3.0.
Then, the effect of the concentration of Triton X-100 was examined at a fixed concentration of CAB (7.50 × 10 -5 mol dm -3 ) and Fe(III) (2.50 × 10 -5 mol dm -3 ) and at an ionic strength of 0.20 mol dm -3 . Figures 2 and 3 show the pH-dependence of the absorbance of the original solution and its filtrate measured at 695 nm when the concentration ratio of Triton X-100 to CAB was varied from 10 to 200. Figure 2 shows an increase in the absorbance of the original solution with an increase in the pH from 1 to 5 and a decrease in the absorbance with increasing the concentration ratio of Triton X-100 to CAB. This decrease in the absorbance with increasing the concentration ratio of Triton X-100 is probably due to the distribution of a free CAB species into micelles of Triton X-100, considering that polyoxyethylene mono(p-nonylphenol) ethers of almost the same molecular weight as that of Triton X-100 have critical micelle concentrations of about 8.0 × 10 -5 to 9.0 × 10 -5 mol dm -3 . 13 In Fig. 3 , pH-dependence of the absorbance of the filtrate showed a curved graph with a maximum. The maximum absorbance increased and shifted to higher pH side with increasing the concentration ratio of Triton X-100 to CAB. Upon varying the concentration ratio of Triton X-100 to CAB, no new band appeared in the spectra of aqueous solution of the Fe(III)-CAB solutions, suggesting the formation of no new Fe(III)-CAB complex. This increased absorbance of the filtrate suggests an interfering effect of Triton X-100 on the collection of the Fe(III)-CAB complex as a precipitate on the membrane filter by filtration under suction. This interfering effect of Triton X-100 is probably caused by the distribution of the Fe(III)-CAB complex into the micelle of Triton X-100. At the concentration ratio of Triton X-100 to CAB because lower than 10, a homogeneous solution could be hardly prepared because of precipitation of the Fe(III)-CAB complex, while at a concentration ratio of Triton X-100 to CAB higher than 200, the Fe(III)-CAB complex could be slightly collected as a precipitate on the membrane filter by filtration under suction.
A homogeneous solution of the Fe(III)-CAB complex could be prepared at a concentration ratio of CAB to Fe(III) of 2 and more. At a concentration ratio of CAB to Fe(III) of 2 or less, a blue precipitate was initially formed in an aqueous solution of the Fe(III)-CAB complex, even in the presence of Triton X-100. Also the Fe(III)-CAB complex can be collected as a precipitate by filtration under suction from an aqueous solution of the Fe(III)-CAB complex prepared at a concentration ratio of CAB to Fe(III) of 10 or less. The Fe(III)-CAB complex could hardly be collected as a precipitate by filtration under suction from an aqueous solution of the Fe(III)-CAB complex prepared at a concentration ratio of CAB to Fe(III) above 10. A large excess of CAB to Fe(III) prevented an Fe(III)-CAB complex from collecting by membrane filtration. Therefore, the concentration ratio of CAB to Fe(III) of 2 to 10 is regarded as being the optimum one for collecting the Fe(III)-CAB complex on a membrane filter by filtration under suction in the presence of Triton X-100. Under the optimum condition, 94 mol% of added Fe(III) could be recovered by this method.
Finally, the mole ratio of Fe(III) to CAB was then examined for the Fe(III)-CAB complex formed in aqueous solution and collected on a membrane filter. From the result of the moleratio method, the Fe(III)-CAB complex was found to have a mole ratio of Fe(III) to CAB of 1:2 in aqueous solution containing any concentration of Triton X-100. Figure 4 shows the pH-dependence of the mole number of Fe(III) and CAB determined in the collected Fe(III)-CAB complex, and that of the mole ratio of CAB to Fe(III). The mole ratio of CAB to Fe(III) of about 2:1 was given over a whole range of pH, implying that the Fe(III)-CAB complex formed in the original solution was collected as a precipitate on the membrane filter by filtration under suction.
The above results mean that a small amount of Fe(III) can hardly be collected as a precipitate of the Fe(III)-CAB complex in the presence of a large excess of CAB and Triton X-100 by this filtration method. Keeping a concentration ratio of CAB to Fe(III) and of Triton X-100 to CAB 3 and 20, respectively, a linear relationship (a correlation coefficient r = 0.999) was obtained between the added and found amounts of Fe(III) in the concentration range of 2.5 × 10 -5 to 2.8 × 10 -4 mol dm -3 . In the presence of Triton X-100, a fixed concentration ratio of CAB to Fe(III) was required for the quantitative collection of Fe(III) as the Fe(III)-CAB complex on the membrane filter by filtration under suction.
This filtration method is preferred to be applied for the removal of Fe(III) present as the major component, such as background species when the impurities of iron and iron alloys are determined. One of the authors successfully applied this filtration method for the removal of iron as a sample preparation pretreatment for the determination of impurities of highly pure iron by the ICP method. 14 
